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(57) [Abstract] 

[Object] In the case when, in the Spread Aloha system, a 
retransmission of packet signals occurs, there is an increase 
in traffic and there are also increased transmission path 

10 errors due to interference, 

[Means to solve the problems] Normally, a data sequence is 
divided intoM-number of periods, and spread by using M-number 
of spread codes that are mutually orthogonal to each other, 
and this is M-multiplexed, and transmitted. At the time of 

15 retransmission, the data sequence is divided into M' (M' 
< M) -number of periods, and spread by using M' -number of 
spread codes that are mutually orthogonal to each other, 
and this is M' -multiplexed, and. transmitted. 
[Scope of Claim for a Patent] 

20 [Claim 1] A radio communication method, which allows a 
plurality of terminals to transmit to one base station packet 
signals that have been spectrum-spread through random 
accesses, characterized in that: 

in each of the terminals, data of L-symbol to be 

25 transmitted is divided into M-number (M: an integer not less 
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than 2) of pieces, and the divided data of L/M-symbol is 
spread in parallel with each other with respect to M-pieces 
by using spread codes that are mutually orthogonal to each 
other to obtain spread signals, and the M-number of parallel 
5 spread signals are added and transmitted as an M-multiplexed 
signal, and 

in a terminal that has received a request for 
retransmission, data of L-symbol to be retransmit is divided 
into M' -number (M' is an integer that is not less than 1 

10 and smaller than M) of pieces, and the divided data of 
L/M' -symbol is spread in parallel with each other with respect 
to M' -pieces by using spread codes that are mutually 
orthogonal to each other to obtain spread signals, and the 
M' -number of parallel spread signals are added and 

15 transmitted as an M' -multiplexed signal. 

[Claim 2] The radio communication method according to claim 
1, characterized in that M = 2 and M' - 1. 
[Claim 3] A radio communication device, comprising: a memory 
(2) for temporarily storing input data; a series-parallel 

20 conversion circuit (4) for taking out data of L-symbol to 
be transmitted from the memory, and for converting the data 
to parallel signals of two rows; two spread code generation 
circuits (6-1, 6-2) for generating spread signals that are 
orthogonal to each other in association with the parallel 

25 signals of two rows; two multiplier circuits (5-1, 5-2) for 
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multiplying the parallel signals of two rows by the two spread 
codes respectively; an adder circuit (7) for adding the 
outputs of the two multiplier circuits; and a transmitter 
(12) for receiving the output of the adder circuit as its 
5 modulation input, characterized by further comprising: 

control means (22) which takes out data that is 
requested for retransmission from the memory (2) and supplies 
this to a single multiplier circuit (9) as data of L-symbol; 

a single spread code generation circuit (6-2) for 
10 supplying spread codes to the multiplier circuit (9); and 

switching means (11) for connecting the output of the 
multiplier circuit to the modulation input of the transmitter 
(12). 

[Claim 4] A radio communication device, comprising: a memory 
15 (2) for temporarily storing input data; a series-parallel 
conversion circuit (4) for taking out data of L-symbol to 
be transmitted from the memory, and for converting the data 
to parallel signals of M-rows (M: an integer not less than 
2); M-number of spread code generation circuits (6-1, 6-M) 
20, for generating spread signals that are orthogonal to each 
other in association with the parallel signals of M-rows; 
M-number of multiplier circuits (5-1, 5-M) for multiplying 
the parallel signals of M-rows by the M-number of spread 
codes respectively; an adder circuit (7) for adding the 
25 outputs of the M-number of multiplier circuits; and a 
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transmitter (12) for receiving the output of the adder circuit 
as its modulation, input, characterized by further 
comprising : 

control means which takes out data that is requested 
5 for retransmission from the memory (2) as data of L-symbol; 

a second series-parallel conversion circuit (8) for 
converting the data of L-symbol to parallel signals of M' -rows 
(M' : an integer smaller than M) ; 

M' -number of spread code generation circuits (6-1 to 
10 6-M' ) for generating spread codes that are orthogonal to 
each other in association with the parallel signals of 
M'-rows; 

M' -number of multiplier circuits (9-1 to 9-M' ) for 
multiplying the parallel signals of M' -rows by the M' -number 
15 of spread codes respectively; 

a second adder circuit (10) for adding the outputs 
of the M' -number of multiplier circuits; and 

switching means (11) for connecting the output of the 
second adder circuit to the modulation input of the 
20 transmitter (12) . 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] The present invention 
is applied to the CDMA (Code Division Multiple Access) 
25 communication. In particular, the present invention is 
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suitable for use in the Spread Aloha system for transmitting 
packet signals by using spectrum spread signals through 
random accesses. 
[0002] 

5 [Prior Art] With respect to a radio communication system 
that carries out communications by connecting a base station 
and mobile stations through radio, the Aloha System has been 
known in which, when a call takes place in a mobile station, 
a random access is executed to the base station. The Aloha 
10 System has been widely used because of its ease in controlling 
communications . 

[0003] Referring to Figs. 5 and 6, the following description 
will discuss the conventional method* Fig. 5 is a drawing 
that shows a plurality of mobile stations and a single base 

15 station. Fig. 6 shows a state in which, in the conventional 
spread Aloha System, K-number of terminals TE X to TE k 
corresponding to mobile stations are transmitting packet 
signals to the base station S. The Aloha System is a system 
which allows the respective terminals TEi to TE k to transmit 

20 packet signals at free time in response to the generation 
of transmission data, and the systemthat uses spectrum spread 
signals as the packet signals is referred to as Spread Aloha 
System. In Fig. 6, a portion indicated by PR is a preamble 
to which code B is added. The preamble B represents a signal 

25 such as a clock reproduction code required for demodulation. 
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[0004] The packet signal to be transmitted is a spectrum 
spread signal formed by multiplying a spread code having 
a cycle Tc in which one symbol length Ts is divided into 
N (N : an integer not less than 2 ) as one chip by a transmission 
5 symbol . Each transmission packet signal is a spectrum spread 
signal; therefore, on the receiving side, this is again 
multiplied by the same spread code as that of the transmission 
side in an inverse spread operation so that, even when a 
plurality of packet signals are multiplexed and transmitted, 

10 each of them can be demodulated through code divisions . Here, 
the respective terminals TEi to TE k are operated 
asynchronously with each other, and normally it is not 
possible to realize code divisions that are completely made 
orthogonal, with the result that as the number of terminals 

15 that are simultaneously transmitting increases, 
interferences occur in response to mutual correlations, 
resulting in transmission path errors. As illustrated in 
Fig. 6, in the event of a transmission error, each of the 
terminals TEi to TE k carries out retransmission with a random 

20 time interval. Thus, the respective terminals TEi to TE* 
are allowed to avoid collisions in probability so that one 
radio channel can be commonly used by a plurality of terminals 
TEi to TE k without using a complex controlling operation. 
[0005] Here, the spectrum spread codes that are orthogonal 

25 to each other refer to spectrum spread codes that have no 
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correlation with each other. 
[0006] 

[Problems to be Solved by the Invention] The random access 
packet transmission system, such as Spread Aloha System shown 
in Fig. 6, is evaluated by the throughput characteristic. 
The throughput is a product of the average traffic generated 
and the probability of successful packets; therefore, as 
the throughput increases, more information can be 
transmitted through a given radio channel, thereby 
indicating that more users are allowed to join. 
[0007] Since the packet transmission signal shown in Fig. 
6 is spectrum-spread so that, even when a plurality of packet 
signals are multiplexed and transmitted, it can be 
demodulated through code divisions; however, as the number 
of the terminals that are simultaneously transmitting 
increases, interferences occur in response to mutual 
correlations. In other words, as the traffic increases, the 
probability ^of successful packets decreases due to 
transmission path errors caused by the interferences, with 
the result that the throughput is limited. 
[0008] The present invention has been devised to solve such 
problems, and its object is to provide a radio communication 
method and a device thereof that can improve the throughput 
characteristic. Another object of the present invention is 
to provide a radio communication method and a device thereof 



which can effectively use radio channels. 
[0009] 

[Means to Solve the Problems] In the present invention, in 
order to achieve the above-mentioned object, in contrast 
5 to the conventional method in which data of L-symbol length 
generated, as it is, is spectrum-spread and transmitted, 
in each of the terminals, data of L-symbol to be transmitted 
is divided into M-number (M: an integer not less than 2) 
of pieces, and the divided data of the M-number of L/M-symbol 

10 length is spread by using the M-number of spread codes 
(multi-codes) that are mutually orthogonal to each other, 
and the M-number of spread signal outputs are added and 
transmitted as an M-multiplexed packet signal having an 
L/M-symbol length. Further, when, in the event of an error 

15 in the packet signal in the transmission path, retransmission 
is carried out, the number M' of multiplex divisions of data 
of L-symbol length to be transmitted is set to an integer 
that is not less than 1, and is also smaller than M; thus, 
the transmission is carried out by reducing the number of 

20 multiplex divisions as compared with the initial 
transmission time, 

[0010] By carrying out such a transmission process, the packet 
signal length of packet signals to be initially transmitted 
normally is reduced to 1/M of the packet signal length of 
25 the generated data; therefore, it is possible to reduce 



interferences given to the other terminals, and consequently 
to improve the throughput with respect to the entire system. 
Here, when, in the event of great traffic and resulting 
increased interferences and errors, retransmission is 
5 carried out, power that is the same as the output power 
normally used for M-multiplexed transmission can be 
outputted with a reduced number of multiplexed divisions; 
thus, it is possible to improve the error rate characteristic 
and to reduce the number of re-transmitting operations, and 

10 consequently to improve the throughput. 

[0011] In other words, the first aspect of the present 
invention is a radio communication method, which allows a 
plurality of terminals to transmit to one base station packet 
signals that have been spectrum-spread through random 

15 accesses. The present invention is characterized in that: 
in each of the terminals, data of L-symbol to be transmitted 
is divided into M-number (M: an integer not less than 2) 
of pieces, and the divided data of L/M-symbol is spread in 
parallel with each other with respect to M-pieces by using 

20 spread codes that are mutually orthogonal to each other to 
obtain spread signals, and the M-number of parallel spread 
signals are added and transmitted as an M-multiplexed signal, 
and in a terminal that has received a request for 
retransmission, data of L-symbol to be retransmit is divided 

25 into M' -number (M' is an integer that is not less than 1 
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and smaller than M) of pieces, and the divided data of 
L/M' -symbol is spread in parallel with each other with respect 
to M' -pieces by using spread codes that are mutually 
orthogonal to each other to obtain spread signals/" and the 
5 M' -number of parallel spread signals are added and 
transmitted as anM' -multiplexed signal . Here, for example, 
. M = 2 and M' = 1. 

[0012] The second aspect of the present invention relates 
to the radio communication device, and the present invention 

10 is characterized by comprising: a memory (2) for temporarily 
storing input data; a series-parallel conversion circuit 
(4) for taking out data of L-symbol to be transmitted from 
the memory, and for converting the data to parallel signals 
of two rows; two spread code generation circuits (6-1, 6-2) 

15 for generating spread signals that are orthogonal to each 
other in association with the parallel signals of two rows; 
two multiplier circuits (5-1, 5-2) for multiplying the 
parallel signals of two rows by the two spread codes 
respectively; an adder circuit (7) for adding the outputs 

20 of the two multiplier circuits; and a transmitter (12) for 
receiving the output of the adder circuit as its modulation 
input, and characterized by further comprising: control 
means (22) which takes out data that is requested for 
retransmission from the memory (2) and supplies this to a. 

25 single multiplier circuit (9) as data of L-symbol; a single 
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spread code generation circuit (6-2) for supplying spread 
codes to the multiplier circuit (9); and switching means 
(11) for connecting the output of the multiplier circuit 
to the modulation input of the transmitter (12) . 
5 [0013] Alternatively, the present invention is characterized 
by comprising: a memory (2) for temporarily storing input 
data; a series-parallel conversion circuit (4) for taking 
out data of L-symbol to be transmitted from the memory, and 
for converting the data to parallel signals of M-rows (M: 

10 an integer not less than 2 ) ; M-number of spread code generation 
circuits (6-1, 6-M) for generating spread signals that are 
orthogonal to each other in association with the parallel 
signals of M-rows; M-number of multiplier circuits (5-1, 
5-M) for multiplying the parallel signals of M-rows by the 

15 M-number of spread codes respectively; an adder circuit (7) 
for adding the outputs of the M-number of multiplier circuits ; 
and a transmitter (12) for receiving the output of the adder 
circuit as its modulation input, and characterized by further 
comprising: control means which takes out data that is 

20 requested for retransmission from the memory (2) as data 
of L-symbol; a second series-parallel conversion circuit. 
(8) for converting the data of L-symbol to parallel signals 
of M'-rows (M' : an integer smaller than M) ; M' -number of 
spread code generation circuits (6-1 to 6-M' ) for generating 

25 spread codes that are orthogonal to each other in association 



with the parallel signals of M' -rows; M' -number of multiplier 
circuits (9-1 to 9-M' ) for multiplying the parallel signals 
of M'-rows by the M' -number of spread codes respectively; 
a second adder circuit (10) for adding the outputs of the 
5 M' -number of multiplier circuits; and switching means (11) 
for connecting the output of the second adder circuit to 
. the modulation input of the transmitter (12) . 
[0014] 

[Description of the Embodiments of the Invention] 
10 [0015] 

[Embodiment] Referring to Fig. 1, the following description 
will discuss one embodiment of the present invention. Fig. 
1 is a block diagram that shows a radio communication device 
of one embodiment of the present embodiment. 

15 [0016] The present invention relates to a radio communication 
device, and is characterized by comprising: a memory 2 for 
temporarily storing input data ; a series-parallel conversion 
circuit 4 for taking out data of L-symbol to be transmitted 
from the memory 2, and for converting the data to parallel 

20 signals of M-rows (M: an integer not less than 2) ; M-number 
of spread code generation circuits 6-1, 6-M for generating 
spread signals that are orthogonal to each other in 
association with the parallel signals" of M-rows,- M-number 
of multiplier circuits 5-1, 5-M for multiplying the parallel 

25 signals of M-rows by the M-number of spread codes 



respectively; an adder circuit 7 for adding the outputs of 
the M-number of multiplier circuits 5-1, 5-M; and a 
transmitter 12 for receiving the output of the adder circuit 
7 as its modulation input, and is characterized by further 
5 comprising: control means 22 which takes out data that is 
requested for retransmission from the memory 2 as data of 
L-symbol; a second series-parallel conversion circuit 8 for 
converting the data of L-symbol to parallel signals of M' -rows 
(M r : an integer smaller than M) ; M' -number of spread code 

10 generation circuits 6-1 to 6-M' for generating spread codes 
that are orthogonal to each other in association with the 
parallel signals of M'-rows; M' -number of multiplier 
circuits 9-1 to 9-M' for multiplying the parallel signals 
of M'-rows by the M' -number of spread codes respectively; 

15 a second adder circuit 10 for adding the outputs of the 
M' -number of multiplier circuits 9-1 to 9-M' ; and switching 
means 11 for connecting the output of the second adder circuit 
10 to the modulation input of the transmitter 12. The 
following description will discuss a case in which M = 2 

20 and M' = 1. 

[0017] The radio communication device of the present 
embodiment is designed as shown in Fig, 2 in the case when 
M = 2 and M' = 1. Fig. 2 shows a block diagram. of a radio 
communication device in the present embodiment in the case 

25 when M = 2, and M' = 1. 
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[0018] In other words, the present invention is provided 
with: a memory 2 for temporarily storing input data; a 
series-parallel conversion circuit 4 for taking out data 
of L-symbol to be transmitted from the memory 2, and for 
5 converting the data to parallel signals of two rows; two 
spread code generation circuits 6-1, 6-2 for generating 
spread signals that are orthogonal to each other in 
association with the parallel signals of two rows; two 
multiplier circuits 5-1, 5-2 for multiplying the parallel 

10 signals of two rows by the two spread codes respectively; 
an adder circuit 7 for adding the outputs of the two multiplier 
circuits 5-1 and 5-2; and a transmitter 12 for receiving 
the output of the adder circuit 7 as its modulation input, 
and characterized by further comprising: control means 22 

15 which takes out data that is requested for retransmission 
from the memory 2 and supplies this to a single multiplier 
circuit 9 as data of L-symbol; a single spread code generation 
circuit 6-2 for supplying spread codes to the multiplier 
circuit 9; and switching means 11 for connecting the output 

20 of the multiplier circuit 9 to the modulation input of the 
transmitter 12. 

[0019] Referring to Fig. 3, the following description will 
discuss the operation of the embodiment of the present 
invention. ■ Fig. 3 shows packet signals that are transmitted 
25 from the respective terminals TE X to TE k in relation with 
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time. Data generated at the terminal TEi (i = 1 to k) is 
inputted to the memory 2 from the input terminal 1. In the 
memory 2, the data is maintained for retransmission use, 
and outputs the copy of the data. 
5 [0020] The copied data is inputted to the series-parallel 
conversion circuit 4 to the switch 3 that is set to the normal 
side so that this is divided to half the data length as 
generated, and these pieces of data are then multiplied by 
a pair of orthogonal codes that are outputted from the spread 

10 code generation circuits 6-1 and 6-2 in the multiplier 
circuits 5-1 and 5-2. Here, the orthogonal codes refer to 
spread codes that have no mutual correlation. The outputs 
of the multiplier circuits 5-1 and 5-2 are added by the adder 
circuit 7 respectively and 2-multiplied by orthogonal 

15 multi-codes. 

[0021] The transmitter 12 adds a preamble B having a 
predetermined length constituted by a clock synchronous code, 
etc. , used for demodulation to the data (referred to as data 
A shown in Fig. 3) that has been 2-multiplied by these 

20 orthogonal multi-codes, and transmits this to a radio channel 
through an antenna 14 . Here, a carrier wave has been inputted 
to the transmitter 12 from the carrier wave generation circuit 
13. 

[0022] When the traffic becomes greater and interferences 
25 increase, an error packet signal C occurs. The f£ct that 
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the error packet signal C has occurred is sent from the base 
station S to the terminal TE 3 as request for retransmission. 
This request for retransmission is inputted to the control 
circuit 22 to the retransmission request input terminal 21. 
5 The control circuit 22 switches the switch 3 to the 
retransmission side, and copies the packet signal C stored 
in the memory 2, and transmits this. The multiplier circuit 
9 converts the packet signal C to a spread signal by using 
spread codes outputted from the spread code generation 
10 circuit 6-2. The packet signal C is inputted to the 
transmitter 12 to the switch 11 that is controlled by the 
control circuit 22 in the switching operation, and then 
transmitted through the antenna 14. 

[0023] At this time, the terminal TE 3 transmits a. 

15 retransmission packet signal D with a random time interval, 
and in this case, the retransmission packet signal D is 
transmitted without being multiplexed. In other words, the 
data portion of the retransmission packet signal D from which 
the preamble portion is excluded has a length twice as long 

20 as the data portion of the initially transmitted packet signal 
C from which the preamble is excluded. Moreover, in Fig. 
3, the multiplexed packet signal C and the packet signal 
D without being multiplexed are set to have the same output 
power . In thismanner, the output power of the retransmission 

25 packet signal D is twice as much as the multiplex signal 
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power of the packet signal C prior to the retransmission; 
therefore, it is possible to reduce the rate of receiving 
failure in the base station S. 

[0024] The throughput characteristic of the embodiment of 
the present invention was found through computer simulation, 
and the results thereof are shown below. Table 1 shows 
simulation conditions . 
[0025] 



[Table 1] 



Access system 


Spread unslotted ALOHA 


Spread rate 


31 


Bit rate 


1 Mbit/s 


Number of terminals 


100 


Packet generation interval 


Exponential distribution 


Packet length 


Exponential distribution 
(Average packet length : 200 bit) 


Preamble length 


20 bit 


Retransmission timing 


Exponential distribution 
(Average retransmission 
interval: 2 ms) 


Transmission power control 


Controlled by central value in 
long section 


Phasing 


Flat Rayleigh 


Greatest Doppler frequency 


10 Hz 



The spread rate was set to N - 31, and the bit rate was set 
tolMb/s. The packet length, the packet generation intervals 
and the retransmission intervals were all indicated by 
exponential distributions, and the average packet length 
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was set to 0.2 ms (200 bit) , and the average retransmission 
interval was set to 2 ms . A preamble of a fixed length of 
20 bit used for a clock synchronous code, etc., was added 
to each packet . It was supposed that all the synchronizations 
5 were perfect . The transmission path was set to Flat Rayleigh 
Phasing with the greatest Doppler frequency of 10 Hz, and 
thermal noise was not taken into consideration. At each of 
the terminals TEi to TE k , the transmission power control was 
carried out based upon the central value in the long section, 
10 and instantaneous variations were not followed. Moreover, 
error corrections were not made, and the packet was nullified 
with errors of not less than 1 bit. 

[0026] Under the above-mentioned conditions, computer 
simulations were carried out, and Fig. 4 shows the resulting 
15 throughput characteristic. Fig. 4 makes comparisons on the 
following three methods: 

[0027] (Method a) Not multiplexed all the time, (conventional 
method) 

(Method b) Always multiplexed by two and transmitted using 
20 orthogonal multi-code transmission. 

[0028] (Method c) Normally 2-multiplexed and transmitted, 
and not multiplexed upon retransmission. 

[0029] In both of the cases of Method b and Method c, when 
the 2-multiplex mode was used, the packet length becomes 
25 half as compared with a case in which the same amount of 
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information was transmitted without using a multiplexing 
process. Moreover, power consumption per one code at the 
time of the 2-multiplex mode was set to half that of the 
case of no multiplexing process, and the total power after 
5 multiplexing was set to constant. Here, Method a is a 
conventional method shown in Fig. 6, and Method c is the 
method of the present invention shown in Fig. 3. In Fig. 
4, the axis of abscissa represents the average number of 
terminals (traffic density including retransmission) that 

10 are transmitting through the channels, and the axis of 
ordinate represents the throughput based upon continuous 
transmission without multiplexing through one terminal. 
Among three methods of a to c, Method c provides the greatest 
throughput value . Method b also provides a throughput close 

15 to that of Method c in the case of comparatively great traffic- 
however, it is concluded that Method c, . which obtains the 
greatest through put at small traffic, uses the radio channel 
most efficiently. 
[0030] 

20 [Effects of the Invention] As described above, the present 
invention makes it possible to improve the throughput, and 
consequently to utilize the radio channel very effectively. 
[BRIEF DESCRIPTIONS OF THE DRAWINGS] 

[FIG. 1] Fig. 1 is a block diagram that shows a construction 
25 of a radio communication device in accordance with one 
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embodiment of the present invention . 

[Fig. 2] Fig. 2 is a block diagram that shows the construction 
of the radio communication device in accordance with one 
embodiment of the present invention, in the case of M = 2 
5 and M' = 1. 

[Fig. 3] Fig. 3 is a drawing that shows packet signals 
transmitted from respective terminals in association with 
time. 

[Fig. 4] Fig. 4 is a drawing that shows the throughput 
10 characteristic obtained through computer simulations. 

[Fig. 5] Fig. 5 is a drawing that shows one base station 
and a plurality of mobile stations. 

[Fig. 6] Fig. 6 is a drawing that shows a state of packet 
signals in the case when, in the conventional Spread Aloha 
15 System, K-number of terminals corresponding to mobile 
stations are transmitting data to a base station. 
[REFERENCE NUMBERS] 
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^IeIK^£ii^$^rl2i2im^ (1 2) ©SMAAKtftKT 
(11) &««A^C&«Wtt<S:r«ftlR9 

fig®. 

cii** 4 ] a jit- ? &-mwm a * * u 

(2) <h, CCO^^'J^^^lifT^^L^V^K^T^- 

rsiaatwsE«iaB (4) com?»j<o3£w«#jc» 

*t5g£{eJB (6-1-6-M) lt«eM9J©tt*J«^ 40 

B (5-1-5-M) C^M<10^g:tHlBOai^$: 
»D»r*ftl»iaB (7) t, COflI*SB<0fflA€:SMI 
A»£T*aS«B (1 2) <h£fft;l* 
Hafi^ft^fc^-^SWJB^^U (2) 

©r-*€M' J>J (M' ttMJ:0/hSi>BR) 0>afeM« 
*t«ftT<&»— OittMJ»«ftlHlB (8) t. Z(DM ' 

-T£M' fl<0l£ttflF#9K&[sIB (6 - 1 -6— M' ) 50 
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t. mem' jijoatwffi^s-tn-encoM' fso&» 

ff*t-<k M' (1co^Sl(oIB (9-1-9-M' ) 

CCDM' (lO*gt[HlBa)£iJ^€:ilD^T^m-^*ngL 

sib (io) t. co»-<oin*igBa5aiAe«iEiS« 
s (i 2) o*BA*Jc»«r*«»#a (i i) 

[%^<DP*fflfcI*93] 
[0 0 0 1 ) 

[##<BRT*tt«««] #5891ttCDMA(Code Divi 
sion Multiple Access) afllCftJJBT£. X^ 

[0 0 0 2] 

A«a6nTl^. C<DTDA*3Stt, &AM«J0ffiC3 
[0 0 0 3] C05tt*«&H 543«t^H6 €»!!aLTK 

»WC«£TSK«©iB5lcTEi -TEk 3&«**»S«C 

T Ew &&&tmm\Z/*lr<>y hd^£i£flf ^jCTifc 

[0 0 0 4] 2«-r*^^ry hflflll *»^HTs 
£N<® (Ntt2H±©BS) tC»«Ufc»WT c £ 1 

aBRoa^i;*. laejc^r^^tc, ssbro^^ 

U^«^(C^TEi -TEk tt^>^A*«rniJ€*J^ 
ff^;^IS^^TEi -TEk T«*«Ct*« 

[0005] ktwciSSSLfcx^^ i-7A»« 
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(3) 

3 

[0 0 0 6] 

[^^L<t9<»:1"5M 136 i:,Tl/ixyi/7 

[0 0 0 7] 06 KiftLfc/^y hifcigff^teX^ h 70 

STL, XJU-:/* MifHHSn*. 
[0 0 0 8] Z<D<i:z>ftL&3;\Zftt>tl1Zb<D 

[0 0 0 9] 

cr^n-K) £m*Ttt«u 

[0 0 10] Ctt^lCGigSfT? &#<Z) 

[0 0 11] T£fc>£, **qB©JB-0«jfttt, ffiS^) 
M{f;fr&T&>5. ^O^it^iC^H WE& 
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2 61±©MM IC»S«U »WL&L/M-»*JPfl!)-5 sr 

- 9 z Mmmmz ^-n-ens ^ tc itss -r £ at & m 

J:0/h$^ 1H±0)B») K1#*IU JfflLftL/M' 

(C&<5. M=2, M ' = 1 T£>So 

[0 0 12] *3BW©!B— ©«jStt««il««|H'C*-3 

a^^^^eu (2) co^^u^&isw'r^sL 
->>^;u^^-^^^aiL 2^j^M^jft^tc^^'r^iS 

ttPJSEttlsIB (4) <h, w(D2*J©afcW«^K»JSLT 
I3B (6-1, 6-2) fffiE2$aj<7>&J*J{i^£-e-n 

*nc©2«o)ie*fff^t»ii[-r*2fflo*ii[|HiB (5 
-1. 5-2) co)2«©*j|EigBa)a*san»-r 

*an£t[a]B (7) COJP»|ggSoHi?j€*aiA*<!: 
T*i£ft3§ (12) W&^#V>&-Dfz"r-? 
£»E**'J (2) d^HiUlLy^O^tL 
T— 3<0*J«hIB (9) (2 2) 

£<732*#[sIB (9) ICttttff^£#A*-:3©tt«ff# 
3S£[eIB (6-2) £©*»§IBG>«AfcflMBSfi 

s (12) o«HA*»c»«r*«**a (in 

[0 0 13] ajjt— ^ai— s**s*x*^ 

^E'J (2) c<o>^u^&a«-r^*L^>*;Ko 

t*— **ttUJL,MJU (Mtt2«±0>Bft)- 0>&*J{M-fc 
&&T*i£M^&[E]B (4) C(0M^JO3fe^Jft^ 

««F^5B*0B (6-1-6-M) <h, ^EM^JCOM^J 

£IhIB (5-1-5-M) <fc, C0Mfl0ft]ftslB0)£H 

S^iD^rSftlJUgB (7) C£^)JDi£lHlB^ai^$ 

^A?J<i:-r^ai{tS§ (12) ffi&S#co& 

-DftT— ^£ffiE*^ll (2) ^'iLyV^KCf-^ 

M ' ?J (M' HMctO/J^^SESc) M«fflfC»T 
^3B^l0)BM^JKIA[5lB (8) C<75M' ?t](7)tt£*y{f 

<Ott«?5F#lfi*0B (6-1-6— M' ) .<!:/|BBM' 

^»M' *10)filSL(slB (9-1-9 — M ' ) t. CC7)M' 
fSCD^#[elB^£B^7$:inJSL-r^m— ^UDgtlHlB (10) 
d05m-^j!in^leIBc75a3^^^rEi£fi^ (1 2) <D 

mmAu\z&8i?z>v)W3im (in t^i^i^^, 

[0014] 
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(4) 

5 

[0 0 15] 

[0 0 16] *^JiM&&ft&!tT&oT, *58WO 
M6-l-6-M<S:, TOEMWcoafiWa^Sr^n-e 

nc©M«o«:«w*<fc*iicr*M«©*j(:i5iB5 - i 

0K2 2t, CC7)L'>>^KDx-^^M' M (M' tt 

6-1-6— m' strsaM' M^aeww^t-tti-en 

1 -9 — M ' COM' {®<Z>^gElsIB9- 1-9- 

m' ©fa^&anff-r**— oflWiHitti o com- 
oangtiniBi ooaj^sMfini 2<o*wx*»c»«t-r 

M=2, M ' = 1 0«-&l;:^HTga9!T*. 
[0 0 17] «%KHlSn^M«3BeSIB»M»2. 

m ' = i o»-&(cttia2c«r«fc^K:«(8an^. B2 jo 
«m=2, M' =- i a?»-&Jc^t^*38W*«S«o*« 

[0 0 18] Tttfcfc. Ailf-^tf-fiflMSns/ 

4t, C©2W03£W«^tC»«UT5tr»»ca[3!Sr^a: 
«fiF*€r3fi*r* 2«©tt««P^«*igB6 - 143<ttf 

6-2 ittraE2^jo&?jm^£^n^ftco2f@oi£ 

ffitW-^i^gCr 6 2 <I05H^[5IB 5 - 1 fccfctf 5-2 

CO2<IO^#0B5- lfc£tf 5-20di;>j£j&i) 40 

*^e i J 2 /f^Hfti 1 l y >3jt;K^f-^ tit- zxnm 

«aB9£5>A*1W«HlB2 2<t, CO*JWgB9fc:tt 
*W#«#^*-^«)*£*f5#56*!iIB6-2t. CO 

m&im&vvmjjzmmmi 2<o«wix»ic»i«r*« 

^x-r y^l 1 £ SWATH*. 
[0 0 19] *X^lK0|cOMif^$B3$»HSLTH« 
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T*. H3l»«*TEi -TEh*ta(ir*/t^ry h 
«^£fltRfl&a:3T^Lfc&OT«*. ^TEi (i 
= 1 -k) -ca^Lfcx-^ttAA^la&^^^U 2 

[0020] ni^-^n^x-^ti. a*«icw»*.s 
^$n, fBSLfc^-^sw^Hc^wsnfcftu:. fit 

f8EfiF^H5£lElB6 - 1 ftiy6 - 2 j&*SttJ*Sft*-ffl. 

oaxff j: 0 , mn®m s - 1 43£tf 5-2 ct§ 
ajs^ttt, anicttHoft 

^M^Ct^i^. *maB5-l*5J:tf5-2 
[0021] atm§§ 1 2 tt, COH^^H- KTZ 

±@bi 3a*&*»«atA*3nTH*. 

[0 0 2 2] h7ty^**<ft*J. T#a*i«Hrr* 

a»3$n*o COB8»«li?iaB*A*iT2 1*»6 
«WIsIB2 2JCA»Sn«, ®I^[hIB2 2TI1 WW* 
<yf-3*Ri8«i:«fA5t(i:t)^ *^'J2t;:g& 
StlTH^/^y h(t#C&3t;-LTa£jU-rs. 5fcg 

•MWCfcOm-y MI*C«Wtfi:«, CO/X 
$-yh«*Cte. ®I^Ih1B2 2 K«fc 0«»«WSns« 

i u*LtiSS»i2i:A*sn, 
[00233 cot^r, 3S5fcTE 3 iz? >&/*&mm& 

7 :r -$'gfc#0 2{&0:&3 ( !:&<5o £Ac, H3Ttt*a<b 

ffia«*teBUT**£LTH-5." CO^lc, BgS 

C0 1*l«M*0 2 8ta5fca!>, gi&^SOgff 
C fc*tT£*. 
[0 0 2 4] *58W*««»C43^-5XJU-y!y 

[0 0 2 5] 
[SI] 
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Spread unslotted ALOHA 






i« 7 r r r 


1 lYl Lll U/ 3 




100 








ff«J/<7-y hS:200bit) 




20 hit 




(WMWSI : 2ms) 








Flat Rayleigh 




10Hz 



M$N=3 1, t^y hU-MilMb/s£L&. /t 

£*>\zm»ft1ti£:L* W-^/^y hff^&teO. 2ms 20 
(2 0 0 b i t) . ¥^HaMWtt2ms42:-r-5. 

*r <y mwcttun-r* tray? mnnm* zoyv r > 

[0 0 2 6] K±©*fr<OTT?»*«^^aU— >a> 50 
1 0 0 2 7 ] a ) *B* ^mfcfcfrfctt^. 

[0 0 2 8] OSttc) a*tt2«re£«U 

CO 0 2 9] 3?ffib, »Sctfe2*ltfiaST*»* 

I — 9)\,ntt&-m£?Z>o ;:t, #£ate0 6tC^ 
<5#i*-C<&<5. B 4IC^^Ti»ttf t *JP h 7 1 y ^ 



CO 0 3 0] 

So 

C12 2] M=2, M' = 1 <0«*JC43*t**38?Hj|«« 
C®3] ^SBStt^aKtrS/t^ry h«#ftWM*it-3T 

1 A*** 

2 *^e»j 

3, i i mmx^yf- 

4, 8 iKX^JXIftlsIB 

5- 1-5-M, 9-1-9-m' 

6- 1-6-M ifcffi8F#f8£lElB 

7,io m%mf& 

12 iSftS 

1 3 mm$L5t$imm 

1 4 T>t± 

2 1 H&£*A2i*? 
2 2 mPHB 
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JO 



s mmm 

TEi -TE* 



mi] 



m2) 





(7) 
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[@4] 




[me] 
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